This paper is reporting on an investigation done to assess land cover dynamics in KRB(Kagera River Basin) (KRB) over a period of 21 years i.e.1990-2011 using Remote Sensing, Hydrology and GIS techniques as a basis for initiating policy interventions for sustainability of Lake Victoria water regime.The extent of land cover changes in the KRB have not been quantified with the view of assessing the extent of exploitation of the natural resources.The assessment is important firstly for identification of causative factors and secondly as a mechanism for formulating necessary policies and remedial measures to that effect.Specifically, Landsat 5, Landsat 7 and ETM+ (2000) satellite images were used.Eight Land Cover classes were identified namely, Forests, Woodland, Bushland, Cultivated Land, Swamps, Grassland, Bareland and Urban areas.Hydrographical data were used to assess changes in quantity of water flowing from the KRB into Lake Victoria and relating it with land cover changes in KRB at in the period of study. Spatial data processing, analysis and interpretation were carried out in ERDAS Imagine and ArcGIS software environments; while water quantity data and other non spatial data were processed and analyzed in Microsoft Excel application 2007.
Introduction
The Kagera River Basin (KRB), located in North-Western Tanzania has been experiencing land use and land cover changes mainly due to anthropogenic activities over the years, while hosting Kagera River. Natural resources in the proximity of the Kagera River, which begins from Burundi flowing through Rwanda, Uganda and Tanzania into Lake Victoria, has been affected leading to unsustainable land use and management practices. Maintenance of the Kagera water flow regime is vital for sustainability of Lake Victoria water level.
Anthropogenic alterations of the natural landscape through urbanization, agriculture and forestry have increased for the past millennium. In the process, land cover has been removed and replaced with the human managed systems on altered landscape structure.Due to socio -economic activities, land cover have drastically changed in the tropics.This has resulted in adverse effects on physical and ecological process, as well as on soil and water and biodiversity.Recently, efforts have been made to quantify the nature and extent of land cover changes including vegetation at global scale which estimated that over the last 300 years, the total global area of forest and woodland diminished by 19%, while grasslands increased by 47%.
Most of the landscapes on the Earth's surface have significantly been altered by humans. Mankind's modification of the landscape has had a profound effect (both positive and negative) upon the natural environment These anthropogenic influences on shifting patterns of land cover changes have influenced the many current environmental concerns. Land use and land cover change have now gained recognition as being a driver of environmental change. These changes have become pervasive, increasingly rapid, and continue to have adverse impacts and implications at local, regional and global scales.
Over the years, man has become the major and most powerful threat to environmental change in the biosphere today. Land cover today is altered mainly by direct human use, indeed this is fueled by population increase global climatic changes, policy changes and so on.
To better understand the impact of land cover/use change on terrestrial ecosystems, the factors affecting land use need to be fully examined. It is noteworthy that land cover change practices evolve over long periods of time under different environmental, political, demographic, and social conditions.
It is noteworthy that changes in land cover changes result in significant hydrologic changes. For example, removal of forest covers resulting into decreased interception, evapotranspiration and increased runoff volumes. Research has shown that tree canopy can intercept 10-40% of incoming precipitation (commonly 10-20%) depending on factors such as tree species, density of stand and age of stand, location, rainfall intensity; and evaporation during or after a rainfall event. Forest disruption, such as logging, forest fires and wind damage, etc., have major effects upon the canopy characteristics of forest stands and hydrological processes in watersheds. Where forest cover is permanently removed for the purposes of agriculture or urbanization, the hydrologic effects are more long lasting. This has obviously consequence on the quantity of ground water.
Remote sensing and Geographic Information Systems (GIS) have provided new tools for land cover mapping and change detection. The collection of remotely sensed data facilitates the synoptic analyses of earth-system function, patterning, and change at local, regional, and global scales over time.
Characteristics of the Study Area
Kagera River Basin relies entirely on Kagera River for its sustenance. Kagera River is found in East Africa; it rises from Burundi flowing through Rwanda, Uganda and Tanzania into Lake Victoria.Kagera River is the principal contributor of water to Lake Victoria which in turn is a source of the White Nile River.
The KRB occupies a highly strategic position with a surface area of 59,700 km 2 . Kagera River contributes 7.5 km 3 of water per annum into Lake Victoria, the second largest freshwater lake in the world. The Kagera River has a length of 400 km with two headstreams of Ruvubu and Nyabarongo. The Ruvubu stream begins just from North of Lake Tanganyikain Burundi and the Nyabarongo stream begins from North-West Rwanda. These two main headstreams converge at Rusumo falls close to the Rwanda-Tanzania border, forming Kagera River which flows northwards along the border and then abruptly changing its course eastwards through lowland floodplains in Tanzania. Mwisa River joins the Kagera River just before the Kyaka Bridge in Tanzania (see Fig.2 ) while the Ngono River joins Kagera River at a confluence (Mbugano) just before the Kagera mouth at Kasensero in Uganda, where it enters Lake Victoria. The long term average water discharge of Kagera River to Lake Victoria is about 261 m 3 /sec, flowing throughout the year.The spatial extent of KRB is as indicated in Figure 1 below There are two rainfall seasons; the longer one based on Southeasterly Monsoon winds bringing rain between about February and May and the shorter one based on Northeasterly Monsoon winds bringing rain from September to November. The Kagera River water runoff depends on the rainfall with a higher peak in May and smaller peak in November.
The Kagera River basin has elevation range of 1,200 to 1,600 amsl range. The rainfall is less than 1,000 mm over most of the Eastern half of the basin but it increases to over 1,800 mm to the West, where most of the runoff is generated.
It is estimated that around 14 Million people live in the KRB which is almost 40% of the population of people living in the entire Lake Victoria Basin. The population density within the KRB averages at 227 persons/km2 compared to 174 persons/km 2 in the rest of the Lake Victoria basin.This is a testimony that KRB is highly populated. KRBis occupied by different ethnic tribes, namely; Haya, Nyankole, Nyambo, Tutsi, Hutu, Baganda, Shubi, Zinza, and Waha.
Data and Methods Used
In this study, primary and secondary data were used. Primary data included Landsat Satellite images of the years 1990, 2000 and 2011 and topographic maps covering the study area. Other primary data was from ground measurements, which was constituted by ground truth data. Secondary data used was water quantity and historical data of KRB.The Flowchart shown in figure 3 below summarizes the main activities carried out in this study. The Landsat images were acquired based on availability, quality, resolution, seasonality, location, and objectives of the study. 
Secondary Data
This is either inferred or elicited data. In this study secondary data used was water quantity and historical data of KRB,
Water Quantity Data
KRB water quantity data was obtained from Kyaka ferry hydrometric station (Lat. 1 o 15' S, Long.31 o 25' E) as recorded by LVB office in Mwanza, Tanzania. Water quantity data were used for correlation with land cover changes in KRB between for the study period.
Data Processing

Images Classification
Image classification is the process of assigning real world labels to pixels vectors in a remotely sensed image. In image classification, pixels are classified according to their ground reflectance values measured by a satellite sensor. There are several ways of undertaking image classification, but the common ones are the Supervised, Unsupervised and Hybrid (combination of Supervised and Unsupervised) classification techniques
Selection of a Classification Method
In this study, Hybrid classification approach was opted for images classification. In Hybrid classification approach, features of both supervised and unsupervised classifications are utilized. Signatures from the unsupervised and supervised approach are appended together to form a single signature file which is used to classify the complete and full extent of the original image. Since the scope of this study was land cover analysis, a color composite image was formed for application in image in image classification by combining Band 4,5 and 3 which were assigned Red, Green and Blue colours respectively. Classification process was performed in ERDAS Imagine version 9.1 software Environment.
Following land cover types were identified: forests, woodlands, bush land, cultivated land, swamps, grasslands, bare lands, and urban areas. Then, land cover change maps were derived using image differencing method.
The Accuracy Assessment of Image Classification Results
Accuracy assessment determines the correctness of a classified image based on pixel groupings i.e. the categories of real world features presented. Accuracy assessment involves measuring the agreement between a classes that are assumed to be correct and those whose quality is unknown.In this study, the accuracy assessment was performed using a confusion matrix, in which classification results were compared with ground truth information as a test set.
Land Cover Change Detection
Change detection is a "process of identifying differences in the state of an object or phenomenon by observing it at different times". Land cover change detection requires multi-temporal data collected from a specific area for a given period of time and involves the use of these data sets to discriminate areas of land cover/use experiencing changes between the dates of imaging.
In this study, land cover change detection was performed through the overlay method based on generated vector themes of different years. The overlay was performed by intersecting of feature themes so that the boundaries and attributes of themes were integrated to form a composite or derivative output theme. Image differencing method was thereafter used to retrieve information characterizing the land cover change from multi-temporal images i.e. datasets of 1990-2000 and 2000-2011.
Assessment of the Rate of Land Cover Change
The estimation for the rate of change for the different land covers was computed based on the following formulae: 100 % = total cover area at the first and t years = period in years between the first and second scene acquisition data
Analysis of Water Quality Data
Water quantity data for year 1990, 2000 and 2011 were processed in Microsoft Excel application. Analysis was done by inferential statistics which was used to correlate land cover changes with water quantity. Kagera River water discharge into Lake Victoria vis-a'-vis land cover changes in KRB at respective times. Statistical analysis results are as shown in figure 5 below. 
Results and Analysis
Results
LandCover Distribution over the Study Period
The land cover maps for 1990, 2000 and 2011 are as presented in Figure 3 , 4 and 5 below. 
Results and Discussion
Land Cover Change over the Study Period
The study results revealed a general decline of land cover in the study period.Specifically, forests, bush land and, bare land declined, whereas wood lands, cultivated areas increased, An, average decline rate of 8.5% ha per annum was noted.However, Forest areas demonstrated a relatively higher decline rate of 2 %.The area change and change rate of land-cover types are as summarized in tables 2 and 3.Owing to the fact that forests have ability of withholding ground water, it logical relating the decline in forests areas with quantity of Lake Victoria. During 2000-2011 period, Forests increased by 0.6%, Woodland increased by 2%, Bush land increased by 1.5 %, Cultivated land increased by 2.4 %, Grassland increased by 6.6%, Urban areas alomost remained constant, Bare land decreased by 12.8% and Swamps decreased by 0.4 %.
Hydrological Flow
Hydrological investigations showed that river flow regimes changed between 1990-2000 and 2000-2011 due to land cover dynamics caused by human activities. The perceived drivers for the changes include; shifting cultivation, agricultural expansion, wildfires and demand for forest products (mainly timber, charcoal, firewood, poles etc), climate changes.
Conclusions
Results revealed a decline of forest areas in KRB from 1990 to 2011. The results further revealedthat cultivated land, increased in the in the study period, whereas bare land and swamps/water areas decreased during the same period. As ground water occurrence is dependent on such factors as rock types, land forms, geological structures, soil type, land use, precipitation etc. Amongst the above factors, land use is relatively more dynamic than others. As such, the observed decline in forest areas entails a direct proportional decline of ground water flowing from Kagera river into Lake Victoria.
The observed land cover changes were attributed to socio-economic factors including but not limited to lack of environmental knowledge, uncontrolled population growth, deforestation and rural-migration phenomena, typical of developing countries. It is recommended that in order to ensure sustainability of KRB as base support for Lake Victoria water regime, following ought to be done b: y responsible authorities i. Practice effective land use planning by communities neighboring Lake Victoria in order to reduce human pressure on the natural resources thereof.
ii. Establish and enforce community by-laws which would build sustainable natural resources usage within KRB.
iii. Implement regular KRB Community awareness and sensitization on environmental conservation.
